In this paper, we present a new approach to evaluate the performance of road and tunnel lighting based on luminance measurements. Combined with the abilities of an ILMD used in a moving vehicle, our proposal allows us to focus on other angles of observation of road more suitable for urban driving. Our first results show that changing angle of observation has an influence on average luminance of road surface and on associated uniformities.
Introduction
A large part of the information used by a driver is supplied to him by his visual system. Therefore, most specifications of road equipment standards are directly derived from human visual abilities. We can mention standards referring to road markings (CEN, 2018) or road signs, and especially to road and tunnel lighting installations.
Performance requirements of road and tunnel lighting are defined in CIE (International Commission on Illumination) or CEN (European Committee for Standardization) documents. For drivers of motorized vehicles, the main lighting criteria are based on the road surface luminance and include the average luminance, the overall uniformity and the longitudinal uniformity. Conventionally, in these documents, the driver's eye is assumed at 1.5 m above the road surface and the angle of observation is fixed to 1° below the horizontal, corresponding to a distance of 86 m ahead of the observer. This geometry is well adapted for a speed of 90 km/h, on motorways for example. On the other hand, for night driving in urban areas or in urban tunnels where speeds are generally in the range of 30 to 50 km/h, it seems interesting to define new angles of observation dedicated to these contexts, as proposed in (Chain, 2008) ; (Stockmar, 2015) and in the Empir SURFACE project (EMPIR, 2017) ; (Iacomussi, 2017) . So what is the impact of these new angles on the road surface luminance and on associated uniformities?
We propose here some initial answers thanks to the processing abilities offered by use of an ILMD. In a first time, we will recall standardization elements useful to conduct luminance measurements in traditional cases. We will present the ILMD developed by the Cerema and his utilisation in the standard geometry. We will then propose a new approach to implement measurements always with the usual angle of observation of 1°. In a second time, this new approach will allow us to change angle of observation and evaluate the effects on average luminance, overall uniformity and longitudinal uniformity. Finally, we will comment these tendencies and propose future studies to confirm our first results.
International standards referring to road lighting measurements
Performance requirements of road lighting are well defined in CIE (CIE, 2010) or CEN (CEN, 2015a (CEN, & 2015b documents. These documents specify a set of photometric requirements aiming at the visual needs of road users. For drivers of motorized vehicles for use on traffic routes, the main lighting criteria are based on the road surface luminance of the carriagew ay.
The metrology to verify that the actual installation fits the requirements essentially relies on static measurements with a spot luminance meter. In road lighting, the nominal position of the grid points at which measurements are taken is defined in (CEN, 2015c) ; (CIE, 2019) . In the longitudinal direction, the measurement field shall enclose two luminaires in the same row. In the transversal direction, the measurement field is positioned between two lane markings and can include several driving lanes as shown in Figure 1 
Figure 1 -Measurement grid points in road lighting
For static luminance measurement, the position of the luminance meter (symbolized with a smiley in Figure 1 ) is 1.5 m above the road surface and at 60 m ahead the field of the relevant area (CEN, 2015d) . In the transverse direction, the luminance meter shall be positioned in the centre of each lane in turn.
From these luminance values, the following photometric parameters can be then calculated (CEN, 2015c); (CIE, 2019):
 The average luminance shall be calculated as the arithmetic mean of the luminance at the grid points in the field of measurement ;
 The overall uniformity shall calculated as the ratio of the lowe st luminance, occurring at any grid point in the field of measurement, to the average luminance ;
 The longitudinal uniformity shall be calculated as the ratio of the lowest to the highest luminance on points in the longitudinal direction along centre line of lane.
Static measurements are mainly established for the reception of new installations, but cannot be applied for the diagnostic of a whole network. Dynamic measurements (CIE, 2002) have thus been developed and CIE has published a document on these dev ices (CIE, 2011) . They are adapted to the diagnostic on carriageways over a large territory. The Cerema has developed since several years different ILMD (Greffier, 2015) ; (Boucher, 2017 ) that allow dynamic luminance measurements to be made.
High Dynamic Range Imaging Luminance Measuring Device (HDR-ILMD)

Presentation of HDR-ILMD developed by Cerema
An imaging system with a dynamic range comparable to the human eye able to measure luminance in motion has been developed by Cerema (Boucher, 2017) . This High Dynamic Range (HDR) Imaging Luminance Measuring Device (ILMD) is based on four synchronous cameras ( Figure 2 ). The photometric calibration leads to a reachable luminance range of six orders of magnitude (from 0.08 cd/m² to 163 000 cd/m²). The geometric calibration process is derived from stereoscopic systems. As such, rectified images facilitate the HDR construction 'hole filling' algorithm.
Figure 2 -HDR-ILMD developed by Cerema
Application in road lighting
For road or tunnel lighting measurements, the Cerema HDR-ILMD is fitted onboard a road operation vehicle (Figure 2 ). The normative measurement grid ( Figure 1 ) is projected onto the images (Greffier, 2015) . For grid points positioning in images, we compute a model that associates a distance to each line of the image. We apply the pinhole model for the camera and presuppose a locally flat road. In the longitudinal direction, the pinhole model allows determining the rows in the image that correspond to the limits of the measurement field (blue lines in Figure 3 ). In the transverse direction, the road markings equations, computed by using road marking detection and robust fitting, delimit each lane (red curves in Figure 3 ). Thus, we extract a Region Of Interest (ROI) from the image which matches the field of luminance measurement for the relevant area. The last step is to calculate in the ROI the best pixels corresponding to the grid points (green points in Figure 3) . We obtain finally luminance values on the normative measurement grid (right picture in Figure 3 ). From these luminance values, classic average luminance, classic overall uniformity and classic longitudinal uniformity can be then calculated. Use of an HDR-ILMD also allows doing threshold increment measurements directly from luminance images (Boucher, 2017) .
The vehicle is equipped with an odometer and a GPS to local ize each image. In operating utilisation, the HDR-ILMD is set to make measurements every meter and thus is able to make a continuous assessment of a lighting installation as illustrated in Figures 4 and 5 . To apply all methodological elements given in this paper, we used our ILMD measurements done in a real site during Lumiroute® study (Muzet, 2018) . 
Motivation
In the previous sections, the explained methodology presents the use of an ILMD and dynamic measurements instead of the classic methodology done in static with a spot luminance meter. Thus, the ILMD is 1.5 m above the road surface and performs measurements in an area between 60 m and 90 m in front of the vehicle (for luminaires conventionally spaced 30 m apart). This classic configuration is representative of the classic "1° measurements", even if the observation angle varies in reality between 1.43° (measurements at 60 m) and 0.95°(measurements at 90 m).
Since we want to assess accurately the influence of the angle of observation on the road surface luminance, this angle shall remain absolutely fixed for all the measurement grid. To be able to characterize the evolution of luminance between two luminaires and more generally along a street, as the angle and therefore the measuring distance are fixed, a solution could be to consider a moving observer as proposed by Stockmar (Stockmar, 2015) . To test this solution, an ILMD in a moving vehicle can be used.
We first test the method for the 1° angle and then applied it for other angles, that could be interesting for urban application. We tested several angles: the angle of 2.29° because it is used in road marking, proposed by Sorensen (Sorensen, 2017) and in the Surface project (EMPIR, 2017); the angle of 3° proposed by Stockmar (Stockmar, 2015) ; the angle of 5° because it is the highest angle that we can test with our ILMD in this experimental configuration.
Application of our method for 1° fixed measurements
In our new approach, the measurement area projected onto the images is fixed at a measuring distance that always offers the same angle of observation. The area still extends in the transversal direction over the entire width of the roadway by using road markings equations. In the longitudinal direction, it extends over a distance that allows a continuous measurement without overlap and without hole between two areas issues of two successive images. For example, since our ILMD records an image every meter, the fixed measuring distance will be 85.9 m and the area will therefore extend between 85.4 m and 86.4 m. This configuration allows measurements to be made at an angle of 1° ± 0.01°.
To compare this approach with that using the conventional measurement grid, the portion of the roadway corresponding to the distance between two luminaires is reconstructed from successive images. In our example, the luminaires are spaced 30 meters apart. We therefore use 30 successive images that allows us to obtain a final measurement area of 30 meters long as for the classic grid. The reconstituted measurement area is then under-sampled to present finally 60 measurement points, 6 points in the transverse direction and 10 points in the longitudinal direction as for the classic grid.
Figures 6, 7 and 8 show the evolution of the average luminance, overall uniformity and longitudinal uniformity over one of the sections of the Lumiroute® experiment. On these figures, we compare the classic measurements (already presented on Figure 4 and 5) with the measurements issued from our new approach with the 1° fixed angle of observation. Table 1 summarizes the average luminance and uniformities values for the two image processing methods. Mean values were calculated between the vertical red lines , i.e. on the section common to both methods after correction of curvilinear abscissae. Since the differences between the two methods are less than 2 %, we consider our approach to be a satisfactory alternative for applying it to different angles of observation.
Application of our method for 2.29°, 3° and 5° fixed measurements
We applied our method for angles of 2.29°, 3° and 5°. The different measurement area for the different angles are represented on a road picture in Figure 9 . The following table (Table 2) summarizes the geometric data associated with these new angle values. Table 3 show an important influence of the angle of observation on photometric measurements. Thus, average luminance, overall uniformity and longitudinal uniformity decrease as the angle of observation increases.
Since this is the first implementation of our approach, on a single set of measurements, for a single type of coating and a single lighting installation, it would be hazardous to generalize immediately our results. Nevertheless, we can mention some initial suggestions to explain our observations. Concerning the average luminance, we could mention that the increase in the angle of observation tends to reduce the effect of the specularity of pavements. For unifo rmities, our approach is to simulate a grid of measurements similar to that used in conventional measurements. However, as the measurement distance decreases, the more pixels in the measurement area increase. Our approach is therefore more sensitive to loc al differences in luminance.
Conclusion and future works
This exploratory study is based on real luminance measurements and a new method of measurement and calculation from images captured by an ILMD. The first calculations show an influence of the angle of observation on the lighting criteria. To confirm this results, we will apply our methodology to other types of pavements and different lighting installations. We will also conduct a cross-referenced analyse with measurements of pavement photometric characteristics on the same sites and at the same angles of observation.
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